Introduction
In the last few years amino-phosphanes have attracted lots of interest due to their easy functionalisation and their ability to afford metal complexes active both in stoichiometric and catalytic reactions.
1 Motivated by the scarce number of complexes with N,N′-diphosphanesilanediamino ligands, we prepared the ligand SiMe 2 {(N(4-C 6 H 4 CH 3 )(PPh 2 )} 2 (SiNP, Scheme 1A) and explored the synthesis and reactivity of its rhodium 2 and iridium 3 derivatives. As a result of our investigation, we reported that the κ 2 P,P′ coordination mode is the most frequent in the rhodium and iridium complexes prepared so far. Nevertheless, we also described the unprecedented κ 3 C,P,P′ coordination mode. Indeed, as a consequence of the cyclometalation reaction in the square planar complex IrCl(SiNP)(CO), the hydride derivative IrHCl(SiNP-H)(CO), containing two fused five membered IrPNSiC rings, is obtained (Scheme 1A). 3 Despite the large number of cyclometalation reactions involving transition metals, 4 to the best of our knowledge, the oxidative addition of a methyl C-H bond from a diphosphano ligand to rhodium or iridium has been described only for complexes containing the trans spanning ligand 1,3-(CH 2 P Conversely, our preliminary study on the cyclometalation reaction in IrCl(SiNP) (CO) showed that the two phosphorus atoms occupy cis positions and that the six membered IrP 2 N 2 Si ring adopts a boat conformation. 3 Consequently, the flag-pole SiCH 3 is directed toward the iridium(I) centre allowing the oxidative addition of the SiCH 2 -H bond to the metal centre (Scheme 1A). On this basis we decided to study the influence of the ancillary ligands on the course and the outcome of the intramolecular C-H oxidative addition of the SiNP ligand coordinated to iridium and eventually on the structure of the resulting products. Thus we started investigating the reactivity of [Ir(SiNP)(cod)] [PF 6 ] ([1] [PF 6 ]) and IrCl(SiNP)(cod) (5) towards different P-donor ligands, namely triphenylphosphane, triphenyl phosphite and trimethyl phosphite. Surprisingly, when the bulkier triphenylphosphane and triphenyl phosphite are used, no reaction is observed even using excess ligand and prolonged reaction times. Reasonably, the steric hindrance of the incoming ligand prevents the coordination to the metal centre. Nevertheless, the less sterically demanding trimethyl phosphite reacts smoothly with both [Ir(SiNP)(cod)] [PF 6 ] ([1] [PF 6 ]) and IrCl(SiNP)(cod) (5) at room temperature. Herein, we report the synthesis and characterisation of the resulting complexes along with the elucidation of the reaction pathway. 6 ] with P(OMe) 3 The reaction of [Ir(SiNP) H} NMR spectrum shows one doublet for the phosphorus atoms of SiNP and one triplet for the phosphite ligand (243 K, Fig. 1A ). Thus both SiNP phosphorus atoms are coordinated to iridium and the left and right semispaces at the SiNP ligand are equivalent ( Fig. 2A) , that is the phosphorus atoms of SiNP should be either equivalent or averaged by a fluxional process. Also, the two tolyl groups are equivalent ( Fig. 1B) . In order to throw light on the overall fluxional behaviour of 2 + , its molecular structure was calculated at the DFT-B3LYP level and it was determined to be a distorted square pyramid with a SPY-5-13 6 configuration at the metal centre (Fig. 3) 3,5-triaza-7-phosphaadamantane) . The presence of the apical trimethyl phosphite ligand makes non-equivalent the up and down semispaces at both the cod and the SiNP ligands and the distorted conformation of the IrP 2 N 2 Si ring should be responsible for the leftright non-equivalence at both the cod and SiNP ligands at 183 K. In support of the proposed SPY-5-13 structure, selected experimental and calculated NMR data are given in the caption of Fig. 3 .
Results and discussion

Reaction of [Ir(SiNP)(cod)][PF
On this basis, the non-dissociative process claimed before for the left-right exchange at the SiNP ligand should be the conformational equilibrium as shown in Scheme 3A. Further, this process exchanges also the left-right semispaces at the cod ligand and therefore should account for the coalescence of When dealing with the coalescence observed at about 233 K (vide supra), also the TBPY-5-13 6 structure ( Fig. 3 ) was found to be a minimum energy structure at +28.9 kJ mol −1 (free energy) with respect to the SPY-5-13 structure. In this regard, it should be noted that the TBPY-5-13 configuration at iridium has already been described in the solid state structure of several cations of the general formula [Ir(P-donor) 3 
. Most hydrogen atoms are omitted and only ipso carbon atoms of the PPh groups are shown for clarity. Selected experimental (normal type, 183 K, CD 2 Cl 2 ) and calculated data for the SPY-5-13 structure (italic type) are in the order: δ P = 88.1 (87.8, P
3 ), 42.3 (43.3, P 2 Given that the TBPY-5-13 structure features equivalent up and down semispaces at the cod ligand, the equilibrium SPY-5-13 ⇄ TBPY-5-13 shown in Scheme 3B exchanges the up and down semispaces at the cod ligand in the SPY-5-13 structure and thus should account for the coalescence of the 1 H signals at 3.48 (δ 2,4 ) and 3.03 ppm (δ 1,3 ) (Fig. 1B) . As a confirmation, the kinetic constants of the up-down exchange process for the cod ligand were calculated from the 1 H-1 H EXSY spectra in the range 203-223 K, and the activation parameters obtained from the Eyring plot validate the proposed concerted exchange mechanism (ΔH ‡ = 42.7 ± 1.7 kJ mol
, cf. ESI- (Fig. 4) shows the iridium centre in an octahedral environment in which the deprotonated SiNP-H ligand displays a κ 3 C,P,P′ coordination mode with a facial arrangement at the metal centre (C(11)-Ir(1)-P(1), 82.72(10); C(11)-Ir(1)-P(2), 84.51(9); P(1)-Ir(1)-P(2), 96.02(3)°) ( Table 1) .
The coordination sphere is completed by two κP-phosphite ligands, one trans (P(3)-Ir(1)-C(11), 171.33(10)°) and the other cis (P(4)-Ir(1)-C(11), 88.01(9)°) to the carbon atom C(11) of the deprotonated SiNP-H ligand. The hydride ligand occupies the remaining coordination site cis to P(2) and P(4) and trans to P(1). The carbon-iridium and phosphorus-iridium bond lengths are in the range observed for related iridium complexes 9 and the silicon-carbon bond lengths are similar to those reported for Ir(SiNP-H)(CO) 2 (1.830(4), 1.842(4) Å) 3 and RhCl 2 (C 3 H 5 )(SiNP) (1.839 (7); 1.854(6) Å). 2 Also, the (12) 6 ] with the numbering scheme adopted. Ellipsoids are at the 50% of probability. For clarity only ipso carbon atoms are shown and most hydrogen atoms are omitted. at the metal centre (cf. the Experimental section and ESI- Fig. S3 ‡) .
As Relevant to the outcome of the reaction, the boat conformation of the IrP 2 N 2 Si ring in 4 + directs the flag-pole SiCH 3 group towards the metal centre. In the following step, the oxidative addition of the C-H bond should take place via a concerted mechanism in which the SiCH 3 group approaches the metal centre, and in a synchronous way the C-H bond cleaves, the Ir-H and Ir-CH 2 bonds form, and one trimethyl phosphito ligand shifts from the equatorial plane of [Ir(SiNP){P(OMe) 3 . For the sake of comparison, Scheme 4B shows the already described reactions leading to IrHCl(SiNP-H)(CO), 3 and Fig. 5B displays the corresponding energy profile calculated herein at the DFT-B3LYP level. Interestingly the two transition states TS_CO and TS_4 + _3 + feature similar conformations of the SiNP ligand although subtle differences are observed in the C⋯H, Ir⋯H and Ir⋯CH 2 lengths and the C-Si-C angle (Fig. 5C ). Indeed, shorter Ir⋯H and Ir⋯CH 2 and a longer C⋯H length along with a slightly wider C-Si-C angle are observed in TS_CO suggesting that the transition state TS_CO is later than TS_4 + _3 + .
As a concluding remark, it is worth mentioning that electronic factors should be mainly responsible for the lower calculated barrier for the oxidative addition to Ir(SiNP){P(OMe) 3 } 2 + (4 + ) with Reaction of IrCl(SiNP)(cod) with P(OMe) 3 The reaction of IrCl(SiNP)(cod) (5) with P(OMe) 3 cf. ESI- Fig. S4-S6 ‡) . On the other hand, when the P(OMe) 3 : 5 molar ratio is ≥2 (Scheme 5, path B) the final mixture of products only contains 3 + , 6 (approx. 1.0 : 1.6) and unreacted P(OMe) 3 ( 31 P). Further, once 3 + and 6 have formed, the molar ratio does not change even if either P(OMe) 3 or chloride (as the bis(triphenylphosphane)iminium salt) are added. On this basis, the transformation of 2 + in either 3 + or 6 should take place via two independent and irreversible paths (vide infra).
On the other hand, the final 3 + : 6 molar ratio does depend on the initial iridium : chloride ratio. Indeed when chloride (as the bis(triphenylphosphane)iminium salt) is added to 5 before adding P(OMe) 3 (5 : PPNCl : P(OMe) 3 = 1 : 1 : 2 molar ratio) the 3 + : 6 molar ratio in the final mixture is approximately 1 : 10.
On a preparative scale, 6 can be separated efficiently from 3 + by extraction with hexane and it is finally obtained with satisfactory yield as a pure material (cf. the Experimental section). The solution structure of 6 was elucidated by NMR spectroscopy and was found to exhibit the OC-6-43 6 , Scheme 5) pointing out the locked conformation of the CH 2 -Ir-H fragment in the non-symmetric iridium environment.
The formation of 3 + and 6 from [2] Cl was monitored by 31 P NMR spectroscopy (298 K) but no intermediates could be detected (cf. ESI- Fig. S4-S6 ‡) . Thus, given that the transformation of 2 + into 3 + and 6 should take place via two independent and irreversible reaction paths (vide supra) and in view of the reaction pathways shown in Scheme 4, the formation of the square planar complexes Ir(SiNP){P(OMe) 3 } 2 + (4 + ) and , has been calculated by the Eyring equation. This result fairly matches the fact that the reaction leading to 3 + is six-fold faster than that leading to IrHCl(SiNP-H)(CO).
IrCl(SiNP){P(OMe) 3 } (7) could be envisaged as the result of the reactions of 2 + with P(OMe) 3 and chloride ion, respectively (Scheme 6). Consequently 3 + and 6 should be obtained as the final products after the SiCH 2 -H oxidative addition to the iridium(I) centre of 4 + and 7, respectively (Scheme 6). When dealing with 7, the solid state structure of square planar complexes of formula IrCl(P-donor) 3 has already been described.
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As a confirmation, similar to 4 + , the DFT-calculated structure of 7 (Fig. 6 ) features a boat conformation at the IrP 2 N 2 Si ring that directs the flag-pole SiCH 3 moiety towards the metal centre and makes it susceptible to undergo a concerted C-H oxidative addition. In this respect, it should be noted that when SiCH 2 -H adds to iridium in 7, two isomers can be obtained, namely 6 (OC-6-43, chloride trans to CH 2 ) and 6′ (OC-6-34, phosphite trans to CH 2 ) (Scheme 6 and Fig. 6 ). Nevertheless, only 6 was detected in the course of the reaction (see ESI- Fig. S5 -S6 ‡) and was finally isolated. Accordingly the isomer 6′ was calculated to be 6.7 kJ mol −1 less stable than 6, but, on the other hand, the activation barrier leading to 6′ was calculated to be smaller than that leading to 6. On this basis, first 6′ should form from 7 and afterwards 6′ should isomerise yielding the more stable OC-6-43 isomer 6 (Scheme 6 and Fig. 6 ).
Given that the putative intermediate IrCl(SiNP){P(OMe) 3 } (7) was not directly observed in solution, for the sake of comparison, the rhodium analogue RhCl(SiNP){P(OMe) 3 } (8) was prepared (Scheme 7A).** It is worth mentioning that no oxidative addition of the SiCH 2 -H bond to rhodium was observed even after refluxing a toluene solution of 8 for 24 h. 
Experimental
General section
All the operations were carried out using standard Schlenktube techniques under an atmosphere of prepurified argon or in a Braun glove-box under dinitrogen or argon. The solvent was dried and purified according to standard procedures. Bis (triphenylphosphane)iminium chloride (PPNCl, Aldrich) and trimethyl phosphite (P(OMe) 3 , Aldrich) were commercially available and were used as received. The compounds [IrCl-(SiNP) ) affording a pale yellow solution. After 3 h stirring all the volatiles were removed in vacuo and the residue was extracted with hexane (3 × 10 mL). The hexane extracts were combined and evaporated to dryness, and the resulting pale yellow solid was identified as IrHCl(SiNP-H){P(OMe) 3 } (6, 72.8 mg, 68% yield). When no PPNCl was added, IrHCl (SiNP-H){P(OMe) 3 } (6) (C 6 D 6 , 298 K): δ = 140.0 (C 1, tol-P2 ), 139.7 (C 1, tol-P1 ), 136.7 (C 4, tol-P2 ), 135.9 (C 4, tol-P1 6 ]) suitable for a X-ray diffraction study were obtained by slow diffusion of diethylether into a CH 2 Cl 2 solution of the compound. The intensities were collected at 100 K using a Bruker SMART APEX diffractometer with graphite-monochromated Mo Kα radiation (λ = 0.71073 Å) following standard procedures. The intensities were integrated and corrected for absorption effects using the SAINT+ 16 and SADABS 17 programs, included in the APEX2 package. The structure was solved by Patterson's method. All non-hydrogen atoms were located in the subsequent Fourier maps. Refinement was carried out by full-matrix least-squares procedure (based on F o 2 ) using anisotropic temperature factors for all non-hydrogen atoms. The C-H hydrogen atoms were placed in calculated positions with fixed isotropic thermal parameters (1.2 × U equiv ) of the parent carbon atom. The coordinates of the Ir-H hydrogen atom were calculated using the XHYDEX 18 program implemented in the WinGX 19 package and the hydrogen was finally refined using restraints (DFIX). Calculations were performed with SHELX-97 20 program implemented in the WinGX package.
tions (1.306°≤ θ ≤ 27.998°), 13 146 unique (R int = 0.0548); 13 146/6/662 data/restraints/parameters; GOF = 1.049; R 1 = 0.0354 (I > 2σ(I)), 0.0513 (all data); wR 2 = 0.0787 (I > 2σ(I)), 0.0872 (all data). CCDC deposit number 1413967.
DFT geometry optimization
The molecular structures were optimized at the DFT-BP3LYP level (298 K, 1 atm) using the Gaussian09 program. 21 The LanL2TZ(f ) basis 22 and pseudo-potential were used for rhodium and iridium and the 6-31G(d,p) basis set for the remaining atoms. Stationary points were characterised by vibrational analysis (one imaginary frequency for transition states, only positive frequencies for minimum energy molecular structures). All the structures were optimized in the gas phase and in selected cases also in CH 2 Cl 2 using the CPCM method. The NMR data were calculated using the GIAO method in CH 2 Cl 2 (CPCM method) and the atomic charge at iridium in IrCl(SiNP)(CO) and Ir(SiNP){P(OMe) 3 
